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(54) Error correction device 

(57) An error correction circuit (6) includes a first er- 
ror correction operation circuit (9) subjecting to error cor- 
rection a code of a line of a PI system in a data block 
including a product code that is stored in a buffer mem- 
ory (5), and a second error correction operation circuit 
(10) subjecting a PO-system line code to error correc- 
tion. Data corrected by the first error correction circuit is 
transferred to the second error correction operation cir- 



cuit (10) at a second syndrome calculation circuit (13) 
including a storage element (13bn) storing a develop- 
ment of a syndrome calculation. Whenever Pl-system 
line data corrected is received, the second syndrome 
calculation circuit reads corresponding data from the 
storage element (1 3bn) and calculates a syndrome and 
overwrites the obtained value on old data stored in the 
storage element (13bn). 



CM 



o 



FIG. 3 

INPUT SIGNAL 



| BUFFER MEMORY [— 5 



OUTPUT SIGNAL 



DATA BUS 



S1 



S2 



CORRECTION 
CIRCUIT 



S4 



-57 



1ST ERROR 
CORRECTION 
OPERATION CIRCUIT 



1ST SYNDROME 
CALCULATION CIRCUIT 



EUCLIDEAN 
EXECUTION CIRCUIT 



CHIEN SEARCH 
EXECUTION CIRCUIT 



-12 

-55 
-56 



S3 



CORRECTION 
CIRCUIT 



S5 



-57 



13bn- 



55- 



56 



2ND ERROR 
CORRECTION 
OPERATION CIRCUIT 



2ND SYNDROME 
CALCULATION CIRCUrr 



STORAGE ELEMENT 



EUCLIDEAN 
EXECUTION CIRCUIT 



CHIEN SEARCH 
EXECUTION CIRCUn 



^13 



CL 

LU 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCiD. <EP. 



_1104114A2J_> 



EP 1 104 114 A2 

Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates generally to error correction devices and particularly to error correction devices 
successively providing error correction for a code in each direction for a data block including a product code. 

10 Description of the Background Art 

[0002] In environments transmitting digital data, such as digital transmission systems, peripheral apparatuses for 
computers and the like, error correction codes are typically used to more reliably transmit digital data. In particular, in 
recent years an error correction code having a high correction capability is used as a digital data receiving and decoding 
is side is enhanced in data processing capability. 

[0003] A representative one of such error correction codes is a product code, which has two long-distance codes 
wilh large code length and redundancy. 

[0004] Fig. 13 schematically shows a manner in which such a product code is added to digital data (information 
symbol) 

20 [O0O5] With reference to Fig. 13, the product code is typically a combination of error correction codes provided in 
different directions, i.e., vertical and horizontal directions. More specifically, the product code is configured of a parity 
PO corresponding to an external code added to the information symbol in the vertical direction and a parity PI corre- 
sponding to an internal code added to the information symbol and parity PO in the horizontal direction. 
[0006] Each error correction code is often a Reed-Solomon code (hereinafter referred to as an RS code) capable of 

25 byte-by-byte error correction. In the Fig. 1 3 example, the error correction code in the PO direction is an RS code having 
a code length no(-208) : an information length ko(=192) and a minimal distance d 0 (=17), and the error correction code 
in the PI direction is an RS code having a code length ni(=182) an information length ki(=172) and a minimal distance 
di(=11). 

[0007] Theoretically, there are established relationships of di ^ 2tj + 1 and d 0 § 2^ + 1 , wherein ti and to are each 
30 a number of errors that can be corrected. 

[0008] If a receiving and decoding apparatus decodes or corrects errors of a data block including a product code 
with RS error correction codes added in two directions, error correction in each direction is typically repeated, again 
and again. 

[0009] Fig. 14 is a block diagram simply showing a data transmission path in an error correction process of such a 

35 first conventional error correction device. 

[001 0] With reference to Fig. 1 4, digital data read for example from a DVD is transmitted on a data bus 51 , provided 
in the form of a data block including a product code, as shown in Fig. 13, and it is thus stored temporarily in a buffer 
memory 52. Buffer memory 52 typically has a large capacity of no less than 4Mbit to store a plurality of product-code 
blocks at one time. As such, a dynamic random access memory (DRAM), a synchronous dynamic random access 

40 memory (SDRAM) or the like is mainly used as buffer memory 52 as it has a large capacity, occupies a small area and 
is not costly. 

[0011] Then the data stored in buffer memory 52 are successively read and an error correction circuit 53 provides 
error correction for the code in each direction . Correcting errors with a Reed-Solomon code typically follows the following 
4-step procedure: 

45 

(1 ) Calculate a syndrome from received data; 

(2) Obtains an error location polynomial and an error estimation polynomial from the syndrome; 

(3) Obtain an error location from the error location polynomial; and 

(4) Obtain an error count value from the error location polynomial, the error estimation polynomial and the error 
so location, and corrects the obtained error count value. 

[0012] If a Reed-Solomon code having a high correction capability is used to correct an error, Euclidean algorithm 
obtaining the greatest common divider of two polynomials may be applied as one technique of obtaining an error 
location polynomial and an error estimation polynomial from a syndrome in step (2). 
55 [0013] Fig. 15 is a schematic block diagram showing a configuration of error correction circuit 53. Error correction 
circuit 53 is configured of a syndrome calculation circuit 54 provided for calculating a syndrome from data input, a 
Euclidean execution circuit 55 provided for obtaining an error location polynomial and an error estimation polynomial 
from a syndrome, a Chien search execution circuit 56 obtaining an error location and an error count value from an 
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error location polynomial and an error estimation polynomial, and a correction circuit 57 providing a correction based 
on an error location and an error count value. 

[0014] In the Fig. 1 3 product-code block, for example, the horizontal, Pl-system data is subjected to a calculation of 
a syndromei a~calculation of an error location polynomial and an error count value polynomial by means of a Euclidean 
s method, and a calculation of an error location and an error value by means of a Chien search method, and on buffer 
memory 52 an error is corrected. 

[0015] Then, the vertical, PO-system data is subjected to a calculation of a syndrome, a calculation of an error 
location polynomial and an error count value polynomial by means of a Euclidean method, and a calculation of an error 
location and an error value by means of a Chien search method, and on buffer memory 52 an error is corrected. 
10 [0016] Such a process is repeated for each system to correct an error in an information symbol. If this error correction 
process is repeated more frequently, more errors can be corrected in general. 

[0017] In the Fig. 14 example, a buffer memory 52 comprises, for instance, a dynamic random access memory 
(DRAM). Horizontal, Pl-system data stored in the buffer memory 52 can be accessed in burst and thus read rapidly. 
However, vertical, PO-system data are accessed randomly and thus read in a long period of time, disadvantageous^ 
is resulting in a reduced correction rate. 

[0018] To overcome this disadvantage, there is provided a second conventional error correction device having a 
configuration illustrated in Fig. 16, shown in a schematic block diagram. 

[0019] As shown in Fig. 16, the second conventional error correction device has added thereto a storage element 
58 formed of a static random access memory (SRAM) rapidly accessible for both of data in a vertical direction and 
20 data in a horizontal direction. In accessing horizontal, Pl-system data stored in buffer memory 52, the data of a product 
code block are all written to storage element 58. More specifically, there is proposed that if the vertical, PO-system 
data is accessed, a product code block stored in storage element 58 is accessed to allow the vertical, PO-system data 
to also be accessed rapidly. 

[0020] In the conventional example as shown in Fig. 16, however, storage element 58 corresponding to an SRAM 
25 is enormously increased in capacity, disadvantageous^ resulting in an increased circuit area and an increased power 
consumption. 

SUMMARY OF THE INVENTION 

30 [0021] The present invention contemplates an error correction device capable of rapid error correction while mini- 
mizing a storage element in capacity. 

[0022] The present invention provides an error correction device including a first storage element, a first error cor- 
rection operation circuit and a second error correction operation circuit. 

[0023] The first storage element stores a product-code block having added thereto error correction codes provided 
35 in different directions. The first error correction operation circuit receives from the first storage element data in the 
product code block arranged in a first direction, and corrects an error in the first direction. The second error correction 
operation circuit receives from the first error correction circuit the data corrected by the first error correction circuit, and 
successively corrects an error in a second direction. 

[0024] Thus the present invention can provide an error correction device capable of rapid error correction while 
40 minimizing circuit area and power consumption. 

[0025] The foregoing and other objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 
nying drawings. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] In the drawings: 

Fig. 1 is a schematic block diagram showing a configuration of an optical disc decoding system employing an error 
so correction circuit of a first embodiment of the present invention; 

Fig. 2 illustrates a product code block in the first embodiment; 

Fig. 3 is a schematic block diagram showing a configuration of an error correction circuit 6 in the first embodiment; 
Fig. 4 is a block diagram schematically showing a first syndrome calculation circuit 12 in the first embodiment; 
Fig. 5 is a block diagram schematically showing a second syndrome calculation circuit 1 3 in the first embodiment; 
55 Fig. 6 is a flow chart for illustrating an operation of error correction circuit 6 shown in Fig. 3; 

Fig. 7 shows a concept representing a process provided by an error correction circuit 1 0 to successively process 
a product code block Dk, wherein k represents a natural number; 

Fig. 8 is a schematic block diagram showing a configuration of an error correction circuit 20 in a second embodiment 
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of the present invention; 

Fig. 9 is a block diagram schematically showing a second error correction operation circuit 10 in the second em- 
bodiment; 

Fig. 10 represents a concept representing a process provided by an error correction circuit 20 of the second em- 
5 bodiment to successively process product code block Dk, wherein k represents a natural number; 

Fig. 11 is a block diagram showing a configuration of an error correction circuit 30 in a third embodiment of the 
present invention; 

Fig. 12 is timing plots for representing an operation of error correction circuit 30 of the third embodiment; 
Fig. 13 schematically shows a manner in which a product code is added to digital data; 
w Fig. 14 is a block diagram simply showing a data transmission path in an error correction process provided by a 

first conventional error correction device; 

Fig. 15 is a block diagram schematically showing a typical error correction circuit; and 

Fig. 16 is a block diagram schematically showing a second conventional error correction device. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 

[0027] A first embodiment implementing the present invention will now be described with reference to the drawings. 
20 Note that components thereof similar to those of the conventional example are denoted by the same reference char- 
acters as used in the conventional example and a description thereof will not be repeated. 

[0028] Fig. 1 is a schematic block diagram showing a configuration of an optical disc decoding system employing 
an error correction device in accordance with the present invention. More specifically, Fig. 1 shows one example of a 
system decoding information from a digital video disc (DVD) or a similar optical disc, 
25 [0029] In Fig. 1, a signal read from an optical disc 1 is received by a read binarization circuit 2 and thus converted 
into a digital signal and then fed to a demodulation and deformat circuit 4 and thus demodulated into a data block 
including a product code, as shown in Fig. 13. 

[0030] Fig. 2 shows a configuration of a product code block of the first embodiment. As shown in Fig. 2, it is formed 
of data of 182B (COL181 to COLO) in the direction of the rows (the horizontal direction) and data of 208B (ROWO to 
30 ROW207) in the direction of the columns (the vertical direction). More specifically, it is configured of information data 
in 172B (Bytes) columns by 192 rows with horizontal parity PI of 10B (Bytes) column by 208 rows and vertical parity 
PO of 1 72 columns by 1 6B (Bytes) row added thereto. 

[0031] Again with reference to Fig. 1 , the Fig. 2 data for one block is stored in a buffer memory 5 of an SDRAM. As 
such, if in buffer memory 5 horizontal, Pl-system data is accessed it can be accessed in burst and data can thus be 
35 read in rapidly. 

[0032] A servo control circuit 3 respond to an output of demodulation and deformat circuit 4 by servo controlling a 
mechanism (not shown) driving optical disc 1 . Demodulation and deformat circuit 4 and servo control circuit 3 operate 
as controlled by a controller 8. 

[0033] Controller 8 also issues to an error correction circuit 6 an instruction to decode (or provide error correction 
40 for) data of one block stored in buffer memory 5. In response to this instruction, error correction circuit 6 performs an 
error correction process on the data stored in buffer memory 5 and notifies controller 8 that the process has been 
completed. Error correction circuit 6 operates as controlled by controllers. 

[0034] Fig. 3 is a block diagram showing in detail a configuration of the Fig. 1 error correction circuit 6. 

[0035] In the Fig. 3, error correction circuit 6 includes a first error correction operation circuit 9, a second error cor- 

45 rection operation circuit 1 0 and a data bus 1 1 . The first error correction operation circuit 9 provides error correction for 
a code of a line in the horizontal direction (the PI system) of a data block stored in buffer memory 5 and including a 
product code. The second error correction operation circuit 1 0 provides error correction for a code of a line in the 
vertical direction (the PO system) of a data block including a product code that is corrected by the f irst error correction 
operation circuit 9. Data bus 11 is provided for data communication between buffer memory 5 and the first and second 

so error correction operation circuits 9 and 10. 

[0036] The first error correction operation circuit 9 corresponds in configuration to the Fig. 1 5 error correction circuit 
53 with syndrome calculation circuit 54 replaced by a first syndrome calculation circuit 12. Euclidean execution circuit 
55, Chien search execution circuit 56 and correction circuit 57 are similarly configured. 
[0037] Fig. 4 is a block diagram showing a configuration of the first syndrome calculation circuit 12. 

55 [0038] It is assumed that a polynomial representing a received code train including an error (a code polynomial) is 
represented by: 
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yM = y m .i* nv1 +y m - 2 * m " 2 + +Yix + y 0 



wherein m represents the number of the items of the received signal polynomial. For example, for the Fig. 2 product 
code block, if a code of a line of the PI system is subjected to error correction then m = 1 82 and if a code of a line of 
the PO system is subjected to error correction then m = 208. 

[0039] As is well known, if receiving polynomial y (x) is represented as above then a syndrome is given, by: 



(y-0,...,2l-l) 

is wherein t represents the number of errors that can be corrected and a represents a root of a primitive polynomial (a 
qeneratinq polynomial). 

[0040] This syndrome calculating expression is implemented in the form of a circuit by thefirst syndrome calculation 
circuit 12 It should be noted, however, that expression (1) provides an exclusive OR operation rather than a simple sum. 
[0041] With relerence to Fig. 4, the first syndrome calculation circuit 12 includes an exclusive OR operation circuit 

so I2ai, n registers 12bi and n multipliers 12ci to correspond to a root of a primitive polynomial a 0 , a,- ai,- a"- , respec- 
tively, wherein i = 0 to (n-1). . 
[0042] Herein, in a primitive polynomial a root is cfi, a,- a>, -a"" 1 , having successive n numbers of 0 to (n-1) as 
their respective powers. . . 

[0043] More specifically, corresponding to a°, exclusive OR circuit 1 2a0 has one input successively receiving data 

25 yl81 to yO and register 12b0 receives and holds an output provided from exclusive OR circuit 12a0. Multiplier 12c0 
multiplies an output of register 12b0 by a°, and inputs it to exclusive OR circuit 12a0 at the other input. Similar circuits 
are provided for the other powers of root a. 

[0044] For example, for such a DVD format as in the first embodiment, adding 1 0B parity PI is a requirement. Thus, 
n= 10 (0 to 9) and in expression (1) j corresponds to 0, .... 9, respectively. 
30 [0045] Again with reference to Fig. 3. the second error correction operation circuit 1 0 corresponds in configuration 
to the Fig 1 5 error correction circuit 53 with syndrome calculation circuit 54 replaced by the second syndromecirculation 
circuit 13. Euclidean execution circuit 55, Chien search execution circuit 56 and correction circuit 57 are similarly con- 

[0046] Fig. 5 is a block diagram showing a conf iguration of the second syndrome calculation circuit 13 of the second 

35 error correction operation circuit 10. 

[0047] The second syndrome calculation circuit 13 is similar to the first syndrome calculation circuit 12 in that it 
functions to implement the syndrome calculation of expression (1). . 
[0048] With reference to Fig. 5, the second syndrome calculation circuit 13 includes n circuits configured of an ex- 
clusive OR circuit 13an, a storage element 13bn and a multiplier 13cn. There are included n circuits including an 
40 exclusive OR circuit 1 3ai, a storage element 1 3bi and a multiplier 13ci to correspond to a power of root a of a pr.mit.ve 
polynomial, af>, - d, - a n \ respectively, wherein i = 0 to (n-1). 

[0049] More specifically, corresponding to a° exclusive OR circuit 1 3a0 has one input successively receiving data 
V181 to y10 and storage element 13b0 receives and holds an output of exclusive OR circuit 13a0. Murtiplier 13c0 
multiplies an output of storage element 1 3b0 by a° and inputs it to exclusive OR circuit 1 3a0 at the other input. Similar 
45 circuits are provided for the other powers of root a. Storage element 13b0 can successively store values obtained 
throughout a syndrome calculation and also be accessible randomly in response to an address signal and It is config- 
ured for example of a static semiconductor memory device (hereinafter referred to as an SRAM). Similar circuits are 
provided for the other powers of root a. 

[0050] For example, for such a DVD format as in the first embodiment, adding 1 6B PO parity is a requirement. As 
so such, in the second syndrome calculation circuit 1 3 n = 1 6 (0 to 1 5) and in expression (1 ) j corresponds to 0 15, 

respectively. e 
[0051 ] Fig. 6 is a flow chart for illustrating an operation of the Fig. 3 error correction circuit 6. 

[0052] Hereinafter a description will be provided of an error correction operation of error correction circuit 6 configured 
as above, with reference to Figs. 3 and 6. ~ „„ 

55 [0053] When controller 8 issues a decode instruction to error correction circuit 6, error correction circurt 6 starts an 
error correction process on one block data including a product code (S1 00). 

[0054] When the error correction process starts, initially, according to the flow described hereinafter, from buffer 
memory 5 to the first error correction operation circuit 9 the Pl-system line data of ROW0 of Fig. 2 is transferred and 
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the first error correction operation circuit 9 performs an error correction operation on a P!-system line code. 
[0055] More specifically, from the Fig. 3 buffer memory to exclusive OR circuit 12a data yi is input for each line of 
the PI system of Fig. 2 product code block successively, wherein (i = 181 to 0) (S102), and the operation result is 
temporarily accumulated in register 12bn, wherein n = 0 to 9. Multiplier 12cn (n = 0 to 9) multiplies the data stored in 
s register 12bn by a n (n = 0 to 9) and the result and the subsequent data y (i - 1) are operated on by exclusive OR 
operation circuit 12n. This process is repeated to calculate a syndrome (S104). 

[0056] After the syndrome is calculated, Euclidean execution circuit 55 uses the syndrome to obtain an error location 
polynomial and an error estimation polynomial (S106) and Chien search execution circuit 56 uses the error location 
polynomial and the error estimation polynomial to obtain an error location and an error count value (S108). 
10 [0057] Then, data before it is corrected is read from a buffer memory 5 (S110) and then subjected to a correction 
operation performed by correction circuit 57 including an exclusive OR operation circuit (S 112). The corrected data is 
then transferred via data bus 11 to and stored in buffer memory 5 (S114). 

[0058] Simultaneously, correction circuit 57 also transfers the corrected data to the second error correction operation 
circuit 10 at the second syndrome calculation circuit 13 and thus subjected to a second syndrome calculation therein 
15 (S116). 

[0059] At S116, from the first error correction operation circuit 9 the Pl-system line data yi corrected (i = 181 to 10) 
is successively input to exclusive OR operation circuit 13an (n = 0 to 15) and the operation result is accumulated in 
storage element 13bn (n = 0 to 1 5), although note that for the Pl-system line data of ROW0 there is note data previously 
accumulated in storage element 13b and (n = 0 to 15) and its value is accumulated in storage element 13bn as it is. 
20 [0060] More specifically, at S116the Pl-system line data of ROWOof Fig. 2 is input to the second syndrome calculation 
circuit 13 and 172B data is stored in storage element 13bn. 

[0061] Then, control determines whether the process has been performed on the remaining rows and thus reached 
the last ROW207 row (S1 18). 

[0062] In the above-described process, the process for ROW0 is only completed. As such, control returns to S1 02. 

25 [0063] As such, at S102 from buffer memory 5 the Pl-system line data of ROW1 is transferred and the first error 
correction operation circuit 9 performs an error correction operation on a code of a line of the PI system, and at S 114 
data corrected is transferred via data bus 11 to buffer memory 5 and subjected to error correction in buffer memory 5. 
[0064] At S1 1 4, when the data corrected by the first error correction operation circuit 9 is transferred to buffer memory 
5 it is also transferred simultaneously to the second error correction operation circuit 10 at the second syndrome cal- 

30 culation circuit 13. Initially, when the second syndrome calculation circuit 13 of Fig. 3 receives the Pl-system line data 
Y (1 81 ) of ROW1 , it reads y1 81 (the Pl-system line data of ROWO) stored in storage element 1 3bn and transfers it to 
multiplier 13cn (n = 0 to 15) to allow multiplier 13bn to multiply the line data by ct n (n = 0 to 15) and the obtained result 
and the Pl-system line data y181 of ROW1 are operated on by exclusive OR operation circuit 13an and the obtained 
value is over written on the data stored in storage element 1 3bn and corresponding to y1 81 . 

35 [0065] Similarly, whenever the Pl-system line data yi of ROW1 is input, data corresponding thereto is read from 
storage element 13bn and operated on by exclusive OR operation circuit 13an and the obtained value is overwritten 
on the data stored in storage element 13bn and corresponding to yi. Since in storage element 1 3bn new data are only 
overwritten successively, it only requires an extremely small storage capacity allowing data of 172B (= 182B - 10B) x 
n (= 16) to be stored. 

40 [0066] It should be noted that this process provided by the second syndrome calculation circuit 13 corresponds to 
the "error correction process" recited in the claims. 

[0067] When the above S102-S116 process is repeated and thus reaches the Fig. 2 ROW 207, an error correction 
operation completes for a code of all lines of the PI system and a syndrome calculation also completes for a code of 
all lines of the PO system. 

45 [0068] After the syndrome is calculated, Euclidean execution circuit 55 uses the syndrome to obtain an error location 
polynomial and an error estimation polynomial (S120) and Chien search execution circuit 56 uses the error location 
polynomial and the error estimation polynomial to obtain an error location and an error count value (S112). 
[0069] Then, code data corresponding thereto is read from buffer memory 5 (S124), corrected by correction circuit 
57 including an exclusive OR operation circuit (S126), and then again written to buffer memory 5 (S128). 

so [0070] Fig. 7 is a diagram of a concept representing a process through which error correction circuit 10 processes 
product code block Dk successively, wherein k represents a natural number. 

[0071] In error correction circuit 1 0 of the first embodiment, initially the first error correction operation and the second 
syndrome calculation circuit 13 operation are completed for product code block Dk and furthermore the second Eucli- 
dean calculation, the second Chien search and the second error correction operation are completed therefor and then 
55 the first error correction operation and the second syndrome calculation circuit 13 operation start for the subsequent 
product code block D (k + 1 ). 

[0072] The error correction device of the first embodiment as has been described above can provide the following 
effects: 
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(1) storage element 13bn stores developments in the course of a syndrome calculation and overwrites new data 
successively whenever new data is input. As such, it only requires an extremely small storage capacity, which can 
reduce circuit area and power consumption. 

For example, if the amount of data is estimated that is required for a syndrome calculation in the PO direction 
5 for one block for a DVD format, then for the Fig. 1 3 storage element 58, 

8bit x 208 x 172 = 286 kbit . 

10 whereas for storage element 1 3bn of the first embodiment, 

172 x 8 bit x 16 = 22 kbit 

15 and the latter only requires approximately 1/10 of a conventional storage capacity; and 

(2) When the data corrected by the first error correction operation circuit 9 is transferred to buffer memory 5, it is 
also transferred simultaneously to the second error correction operation circuit 1 0 at the second syndrome calcu- 
lation circuit 13. As such, buffer memory 5 can be accessed less frequently and accordingly an error correction 
process can be performed rapidly. 

20 For example, if data of one line in the PI direction are all read in a single burst access, data of one line in the 

PO direction are read in one byte at a time, in error correction a write is provided byte by byte, an access requires 
a time of four cycles and there are 800 errors in each of the PI and PO directions, then in the Fig. 11 circuit each 
process requires a number of cycles, as follows: 

25 In the PI direction a read requires a number of cycles: 

PIR = (1 82 + 4) x 208 = 38688 cycles 

30 In the PI direction an error correction requires a number of cycles: 

PIE = 800 x (1 + 4) = 4000 cycles 

35 In the PO direction a read requires a number of cycles: 

POR = (1 + 4) X 208 x 172 = 178880 cycles 

40 In the PO direction an error correction requires a number of cycles: 

POE = 800 x (1 + 1 + 4) = 4800 cycles 

45 [0073] Thus a total of 226, 368 cycles is required. 

[0074] In contrast, for the error correction device of the first embodiment, POR is not required (0) and a total of 47, 
488 cycles is thus required. As such, the process can be provided in a short period of time. 
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Second Embodiment 



[0075] A second embodiment of the present invention will now be described with reference to the drawings. 
[0076] Fig. 8 is a block diagram specifically showing a configuration of an error correction circuit 20 in the second 
embodiment of the present invention. Fig. 9 is a schematic block diagram for illustrating a configuration of a second 
error correction operation circuit 1 0 in the second embodiment of the present invention. 
55 [0077] The second error correction operation circuit 1 0 of the second embodiment is distinguished from that of the 
first embodiment only in that as shown in Fig. 9 it is provided with a storage element 21 between the second syndrome 
calculation circuit 13 and Euclidean execution circuit 55. 

[0078] Note that storage element 21 maybeanSRAM, although it is not limited thereto. Furthermore, storage element 
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21 is adapted to have a storage capacity capable of holding a syndrome that the second syndrome calculation circuit 
1 3 calculates for the Fig. 2 product code block. 

[0079] More specifically, in the second embodiment, in the Fig. 6 process flow of the first embodiment a syndrome 
that the second syndrome calculation circuit 13 calculates for product code block Dk is temporarily held in storage 

5 element 21 and the data held in storage element 21 (the syndrome) is used to calculate an error location polynomial 
and an error count value polynomial through a Euclidean method (S120) and calculate an error location and an error 
count value through a Chien search method (S1 22) and correction circuit 57 reads corresponding code data from buffer 
memory 52 (S124) and corrects the read data (S1 26) and writes the corrected data again to buffer memory (S128). 
[0080] While the S120-S128 process is being provided, the second syndrome calculation circuit 13 calculates a 

10 syndrome for the subsequent product code block D (k+1 ). 

[0081] Fig. 10 is a diagram representing a concept representing a process through which error correction circuit 20 
processes product code block Dk successively, wherein k represents a natural number. 

[0082] In Fig. 10, for example, in an interval PA product code block Dk stored in storage element 21 and product 
code block Dk+1 can be processed in parallel. More specifically, for product code block Dk, a result of the second 
15 syndrome calculation therefor can be read, the second Euclidean calculation can be performed, the second Chien 
search can be conducted and the second error correction can be provided, while for product code block D (k +1) the 
second syndrome calculation process can be performed. 

[0083] Note that if storage element 21 has a 2-bank configuration then for example there can also be provided in 
parallel reading a syndrome for product code block Dk and writing a syndrome for product code block D(k+1). 
20 [0084] More specifically, in the second embodiment there can be provided in parallel providing error correction for 
the kth product code block Dk in the PO direction and calculating a syndrome for the (k+1)th product code block D 
(k+1) in the PO direction, to provide an error correction process more rapidly than in the first embodiment. 

Third Embodiment 

25 

[0085] A third embodiment of the present invention will be described with reference to the drawings. 
[0086] Fig. 11 is a block diagram showing in detail a configuration of an error correction circuit 30 in the third em- 
bodiment. 

[0087] The third embodiment is distinguished from the first embodiment only in that a storage element 31 is provided 
30 between buffer memory 5 and the first error correction operation circuit 9, and the remaining configuration thereof is 
similar to the configuration of error correction circuit 10 of the first embodiment. Furthermore, storage element 31 is 
internally sectionalized into four banks 32a to 32d adapted to allow data to be written thereto and read therefrom 
independently from each other. Herein, storage element 31 may for example be an SRAM having a 4-bank configura- 
tion, although it is not limited thereto. 
35 [0088] Configured as shown in Fig. 11 , the third embodiment provides error correction circuit 30 controlled by con- 
troller 8 to allow the first error correction operation circuit 9 to pipeline-process for each line of data the data of one 
block including a product code block. 

[0089] Fig. 12 represents a concept for illustrating an operation of error correction circuit 30. 
[0090] Hereinafter, reference will be made to Figs. 11 and 1 2 to describe the error correction circuit 30 operation. 
40 [0091] When controller 8 issues a decode instruction to error correction circuit 30, error correction circuit 30 starts 
an error correction process for the data of one data block including a product code. 

[0092] Initially, at stage 1 the Pl-system line data of ROW0 as shown in Fig. 2 is transferred from buffer memory 5 
to bank 32a of storage element 31 . 

[0093] Subsequently, stage 2 provides in parallel the following operations: 

45 

i) The Pl-system line data of ROW1 as shown in Fig. 2 is transferred from buffer memory 5 to bank 32b of the 
storage element 31 ; and 

ii) The Pl-system line data of ROW0 is transferred from bank 32a to the first syndrome calculation circuit 12 and 
subjected to a syndrome calculation similarly as in the first embodiment. 

so Subsequently, stage 3 provides in parallel the following operation: 

iii) The Pl-system line data of ROW2 as shown in Fig. 2 is transferred from buffer memory 5 to bank 32c of the 
storage element 31 ; 

iv) The Pl-system line data of ROW1 is transferred from bank 32b to the first syndrome calculation circuit 12 and 
subjected to a syndrome calculation; and 

55 V ) The syndrome data of the Pl-system line data of ROW0 are transferred from the first syndrome calculation circuit 

12 to Euclidean execution circuit 55 to obtain an error location polynomial and an error estimation polynomial. 

Subsequently, stage 4 provides in parallel the following operations: 
vi) The Pl-system line data of ROW3 as shown in Fig. 2 is transferred from buffer memory 5 to bank 32d of the to 
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storage element 31 ; 

vii) The Pl-system line data of ROW2 Is transferred from bank 32c to the first syndrome calculation circuit 12 and 
subjected to a syndrome calculation ; 

viii) The syndrome data of the Pl-system line data of ROW1 are transferred from the first syndrome calculation 
5 circuit 1 2 to Euclidean execution circuit 55 to obtain an error location polynomial and an error estimation polynomial; 

and 

ix) The error location polynomial and error estimation polynomial of the Pl-system line data of ROWO are transferred 
from Euclidean execution circuit 55 to Chien search execution circuit 56 to obtain an error location and an error 
count value and furthermore data is read from a bank 32a of the storage element 31 and corrected by correction 

w circuit 57. 

Subsequently, stage 5 provides in parallel the following operations: 

x) The Pl-system line data of ROW4 as shown in Fig. 2 is transferred from buffer memory 5 to the bank 32a of the 
storage element 31; 

xi) The Pl-system line data of ROW3 is transferred from bank 32b to the first syndrome calculation circuit 12 and 
75 subjected to a syndrome calculation; 

xii) The syndrome data of the Pl-system line data of ROW2 are transferred from the first syndrome calculation 
circuit 1 2 to Euclidean execution circuit 55 to obtain an error location polynomial and an error estimation polynomial; 
and 

xiii) The error location polynomial and error estimation polynomial of the Pl-system line data of ROW1 are trans- 
20 fened from Euclidean execution circuit 55 to Chien search execution circuit 56 to obtain an error location and an 

error count value and furthermore data is read from the bank 32b of the storage element 31 and corrected by 
correction circuit 57. 

[0094] Note that when the data corrected by correction circuit 57 is transferred to buffer memory 5, it is also transferred 
25 simultaneously to the second error correction operation circuit 1 0 at the second syndrome calculation circuit 1 3. 

[0095] Thereafter the second error correction operation circuit 10 operates as in the S116-S118 operations of the 
first embodiment as shown in Fig. 6. 

[0096] Note that from stage 6 onward a pipeline process is performed with Pl-system line data as one unit, as in 
stage 5 as described above. 

30 [0097] Thus in the third embodiment storage element 31 can be provided with four banks 32a to 32d to have data 
as required, to eliminate the necessity of frequently accessing buffer memory 5, so as to provide an efficient pipeline 
process. Thus there can be provided a faster error correction process. 

[0098] Note that while the third embodiment provides a 4-stage pipeline operation, it is not limited thereto and the 
number of pipeline stages and the number of the banks in storage elements 31 can be appropriately determined de- 
35 pending on the specification of error correction circuit 30. 

[0099] Note that, as in the second embodiment, storage element 21 may further be provided. 

[01 00] Furthermore, there may be provided a pipeline control including not only the process in the first error correction 

operation circuit 9 but that in the second error correction operation circuit 1 0. 

[0101] Although the present invention has been described and illustrated in detail, it is clearly understood that the 
40 same is by way of illustration and example only and is not to be taken by way of limitation, the spirit and scope of the 
present invention being limited only by the terms of the appended claims. 



45 



Claims 

1 . An error correction device comprising: 



a first storage circuit (5) storing a product code block having added thereto error correction codes provided in 
different directions; 

so a first error correction operation circuit (9) receiving from said first storage means data included in said product 

code block and arranged in a first direction, and performing a first error correction process with respect to said 
first direction; and 

a second error correction operation circuit (10) receiving the data corrected by said first error correction op- 
eration circuit, and successively providing a second error correction process for data included in said product 
55 code block and arranged in a second direction. 

2. The error correction device according to claim 1 , wherein: 
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said first error correction operation circuit performs saidf irst error correction process for each unit block having 
the data included in said product code block and arranged in said first direction; and 

said second error correction operation circuit successively receives the data for each said unit block corrected 
by said first error correction operation circuit, and performs said second error correction process divisionally 
5 for each data included in said unit block. 



3. The error correction device according to claim 2, wherein: 

said second error correction process includes a syndrome calculation process for the data arranged in said 
10 second direction; and 

said second error correction operation circuit performs said syndrome calculation process by dividing said 
syndrome calculation operation for each data included in said unit block, and accumulating the results of the 
divided syndrome calculation operation in said second direction. 

15 4. The error correction device according to claim 3, wherein said first error correction operation circuit sends corrected 
data to said first storage circuit and also to said second error correction operation circuit. 



5. The error correction device according to claim 2, wherein: 



20 said second error correction operation circuit includes a plurality of accumulation circuits respectively provided 

for a plurality of roots of a primitive polynomial of a code formed of data arranged in said second direction, 
each said accumulation circuit including 

an exclusive logical sum operation circuit (13a0-13a15) having one input successively receiving data included 
in said unit block and corrected by said first error correction operation circuit, 
25 a second storage circuit (1 3b0-1 3bl5) according to locations of the data in said unit block to store outputs of 

said exclusive logical sum operation circuit at respective addresses, and 

a multiplier circuit (1 3c0-1 3d 5) multiplying data having already been stored in said second storage circuit and 
corresponding to a location of data in said unit block input to said exclusive logical sum operation circuit at 
one input, by a corresponding one of said plurality of roots, and outputting the multiplied data to the otfier input 
30 of said exclusive logical sum operation circuit. 

6. The error correction circuit according to claim 5, wherein said second storage circuit overwrites and thus stores 
outputs of said exclusive logical sum operation circuit at respective addresses depending on locations of the data 
in said unit block. 



35 
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7. The error correction device according to claim 5, wherein said first error correction operation circuit sends corrected 
data to said first storage circuit and also to said second error correction operation circuit. 

8. The error correction circuit according to claim 5, wherein said error correction code is a Reed-Solomon code. 

9. The error correction device according to claim 2, wherein said first storage circuit allows accessing in burst the 
data included in said product code block and arranged in said first direction and allows randomly accessing the 
data included in said product code block and arranged in said second direction. 



45 10. The error correction device according to claim 2, wherein: 

said first error correction operation circuit includes a first syndrome calculation circuit (12) calculating a syn- 
drome of the data included in said product code block and arranged in said first direction; and 
said second error correction operation circuit includes a second syndrome calculation circuit (1 3) successively 
so receiving data for each said unit block corrected by said first error correction operation circuit, and provides a 

syndrome calculation process for the data arranged in said second direction that is divisionally performed for 
each data included in said unit block, and accumulated in said second direction. 

11. The error correction device according to claim 1 0, wherein: 

55 

said first syndrome calculation circuit includes a plurality of first accumulation circuits respectively provided 
for a plurality of roots of a primitive polynomial of a code formed of data arranged in said first direction, each 
said first accumulation circuit including 
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a first exclusive logical sum operation circuit (1 2a0-1 2a9) having one input successively receiving data included 
in said unit block and read from said first storage circuit, 

a second storage circuit (12b0-12b9) storing outputs of said first exclusive logical sum operation circuit, and 
a first multiplier circuit (12c0-12c9) multiplying data having already been stored in said second storage circuit 
5 by a corresponding one of said plurality of roots and outputting the multiplied data to the other input of said 

first exclusive logical sum operation circuit 

12. The error correction device according to claim 1 0, wherein: 

to said second syndrome calculation circuit includes a plurality of second accumulation circuits respectively pro- 

vided for a plurality of roots of a primitive polynomial of a code formed of data arranged in said second direction, 
each said second accumulation circuit including 

a second exclusive logical sum operation circuit (13a0-13a15) having one input successively receiving data 
included in said unit block corrected by said first error correction operation circuit, 
15 a third storage circuit (13b0-13b15) according to a location of data in said unit block to store outputs of said 

second exclusive logical sum operation circuit at respective addresses, and 

a second multiplier circuit (13c0-13c15) multiplying data having already been stored in said third storage circuit 
and corresponding to a location of data in said unit block input to said second exclusive logical sum operation 
circuit at one input, by a corresponding one of said plurality of roots, and outputting the multiplied data to the 
20 other input of said second exclusive logical sum operation circuit. 

13. The error correction circuit according to claim 12, wherein said third storage circuit overwrites and thus stores 
outputs of said second exclusive logical sum operation circuit at respective addresses depending on locations of 
the data in said unit block. 

25 

14. The error correction device according to claim 10, wherein said second error correction operation circuit further 
includes a fourth storage circuit (21 ) temporarily holding a result of a syndrome calculation provided by said second 
syndrome calculation circuit for each said product code block in said second direction. 

30 15. The error correction device according to claim 14, wherein: 

said second error correction operation circuit further includes a second-direction correction circuit, based on 
the result of the syndrome calculation in said fourth storage circuit, detecting an error location and error count 
value of said product code block to perform error correction in said second direction; and 
35 said first error correction operation circuit performs an error correction process for a subsequent product code 

block in parallel with said second-direction correction circuit performing the error correction. 

16. The error correction device according to claim 15, wherein said first error correction operation circuit sends cor- 
rected data to said first storage circuit and also to said second syndrome calculation circuit. 



40 



17. The error correction device according to claim 10, further comprising: 



a fifth storage circuit (31 ) having a plurality of storage regions (32a-32d), provided in a course of a data transfer 
path from said first storage circuit to said first error correction operation circuit, for respectively storing data 
45 subject to an correction process in said first error correction operation circuit; and 

control means (8) for controlling the error correction process in said first error correction operation circuit for 
data stored in said fifth storage circuit, to be pipeline-processed for each said unit block. 
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